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THE USEFULNESS OF THE FLUORESCENT ANTIBODY TECHNIQUE

IN* STUDYING EXPERIMENTAL REPHRITIDEDES, ITS POSSIBLE

APFLICATIONS T0 UNDERSTANDIRG THE PATHOGENKSIS OF SQMK
HUMAN NEPHROPATHIES

{(Following is the translation of an article by

Beatrice Carrier Seegal, M. D., Department of
Microbiology, College of Physicians and Surgeons,
Columbia University, New York, based on research
sponsored by the National Science Foundation

Grant 2290 and Grant 4910 and by the National

Institute of Health, Public Health Service Grant H 395,

in the Italian-language publication Rass. Fisiop. Cl. ,
Jer,, Vol XIXXI, No 12, Dec. 1959, pages 1&3-1075. ] _ i
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Mister President, Ladies and Gentlemen:

I wish, first of all, to express my most sincere thanks to
the illustrious Roman Academy of Medicine and Surgery in the person
of its president, Professor Di Mattei, for having welcomed me as a
guest at this meeting and for having given me the opportunity of
speaking to you about some of our research work pertaining to the
application of the fluorescent antibody technique in studying expe-
rimental and human nephritis.

Part of this work was suggested by an assistant in the In.
stitute of Medical Pathology of the University of Rome, Doctor Andres,
who - under the direction of Professor Cassano -- visited our la-
boratory in the antumn of 1956, We are working at present in col-
laboration with Professor Fiaschi aid Doctor Andres on the application
of the fluorescent antibody technique to human material, and I pro-
pose to inform you as follows on this type of research.

The subject of renal diseases .- that includes acute glomeru-
lonephritis, chronic glomerulonephritis and the nephrotic syndroame e
oreates mmerous etiologic and pathogenic problems, still unsolved

. at the present time.

It has now been established that acute glomerulomephritis is
usually preceded by a streptococcal infection and that the micro. v
organism belongs most frequently to Type 12. In spite of that, the
precise mechanism by means of which Streptococcus pyogenes provokes
nephritis is still unknown.

On the other hand, in patients afflicted with chronic glomeru
lonephritis or with the nephrotic syndrame proof of a preceding ine
fection with Streptocogcus pyogenes and with other diseases, charact.
erized by the presence of anti-streptococeic antibodies in the area,
is often lacking,

It was written about fifteen years ago in an important treatise
on medicine that although Richard Bright had been dead now for over
100 years, not much could be added to knowledge about his disease,
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It is a fact that in the past, clinics were obliged to venture
difficult probably diagnoses whepever thsy were confronted with ne-
phropatients, and very often their diagnoses were proved to be wrong
by antopsy findings.

Today a series of renal biopsies have opened up new possibi.
lities for stndying nephropathology. This technique gives access to
the renal tissue in every phase of the disease and has made possible
electron-microscopic research. To the above must be added the abi.
lity to reproduce various forms of nephropathies in animals and the
perfection of the fluorescent antibody tschmique. All this shows
that much progress has been made in the knowledge of the relation-
ships occuwrring between pathogenesis and clinical conditions.

The clinical and histopathologic picture of acute nephritis,
of chronie nephritis and of the nephrotic syndrome can be repro-
dwoed experimentally by means of an immunological tecknique con-
sisting of the administration of specific antibodies for their remal
tissue (Masugi's nephritis) to animals. It has been determined that
the antigen-antibedy reaction appears in the experimental animal
within the remal antigen and the antirenal antibody that has been
injected into it. It must be recalled, however, that experimental
nephritis is theproduct of an allergic reaction in which the host
itself provides the antigen instead of the antibody.

Nevertheless, it often happens that renal decompensation
shows up only months and years after the injection of the nephro-
toxic serum. The mechanism by means of which the kidney may incur
lesions so seriocus that they camse death -~ with a disease that
appears to be capable to perpetuating itself autonomously -- has not
yot been explained satisfactorily.

Recently a new technique was perfected that enazbles us to
add new knowledge to the old ideas concerning the immmnoallergic
mechanisms of experimental nephropathy. It is to be hoped that this
technique may also be useful in stedying the pathogenesis of human
nephrepethies., We are referring to the fluorescent antibody tech-
nique of Coens and Kaplan.

Antibody proteins can be tied to or "labelled" with fluorescein
isocyanate, The #tained antibody is then used to dye a section of
fresh renal tissue that has been sectioned while it is frosen., If
the renal tissue contains a specific antigen for the antibody stained
with fluorescein, it will fix the antibody in position and -~ when
the renal tissue is examined under the miocroscope with ultraviolet
light, that causes fluorescein to emit a yellow-green light «- the
areas in which the antibody has been fixed can be easily identified.
In this way the seat of the specific amtigen for the fluorescent
antibody is determined,

Antibodies "labelled” with fluorescein have been used to
identify the tissular seat of viruses, Rickettsia and bacteris,
as well as the location of heterogeneous proteins of non-infective
nature and of native proteins (produced by the host).

.~ . The fluorescent antibody technique, applied to the study
of experimental nephritis, has provided an obvious proof in favor
of the allergisc nature of the disease, It has been possible to
follow the distribution of the nephretoxic serum in the organimm
of the nephritie animal, to prove that it is localized in the
kidney and to establish that this serwm remains in the tissues for
a long period of time.

Antibodies stained with fluorescein have also been used to
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Study the altered distribution of globulins of an aatochthonous nature
in the nephritic animal, The increase in thege globulins could indi-
cate a location with an elective antibody concentration. ' ' —

: The saries of slides that will now be projected will illastrate
the application of the fluorescent antibody technigque to the study of
the pathogenesis of experimental nephritis, Research of this kind
points out very clearly the usefulness of extending it to the study
of human nephritis. Consequently — after discussing the experimental
di50a8¢ «= I shall dwell on some subjects for study concerning human
nephropatiiies on which work is being conducted at pressnt, in close

. collaboration, in the Institute of Medical Pathology of the University
of Rome and in the Department of Microbiology of the College of Phy=
sicians and Surgeons, Columbia University, New York,

But first of all let me thank some of my collaborators, among
them Doctors Emily Loeb, Margaret Bevans, Evelyn Gaynor, Rath Triedman
and Henry Metsger. I am especially grateful to Dr. Konrad Hsu who
took all the photographs that you shall see shortly. Mrs. Margo Hasson,
Mrs, Mildred Rothenberg and Dr. Fred Urquhart have contributed much
more to this research than they were obliged to do,

The data pertaining to experimental nephritis will be presented
in the form of thres conclusive considerations, each of which will be
accampanied by slides illustrating the results of the experiments that
have enabled us to draw up the conclusions.

(-] of Iy

Rabbits and ducks were used to prodnce nephrotoxic serums. The
rabbits were immunised intraperitonsally with a 2C§ suspension in
physiological solution of kidney or of other tissues from rats or dogs.
The dixks were inoculated intramuscularly with rat or rabbit kidney
or other organs mixed with Freund's adjuvants. These two methods of
Daunization ylelded the best results in the preparation of nephro-
toxic serums, although in some cases the ismmnisation had to be pro-
tracted considerably. The placenta and the lung -- along with the
kidney == can stimulate the production of nephrotoxiec or nephritis-
csusing antibodies. Blood serum, red corpuscles, the brain and the
aorta were used oxperimentally as antigens, but they did not pro-
duce nephritogenic antibodies.

First of all, antibodies must be prepared from nephrotoxic
antibodiss. For example, an antibody from nephrotoxic duck serum
is obtained by precipitating, with sodiwm sulfate, the blood glo-
bulins of normal ducks. These globulins -~ mixed with Freund's
adjuvants — are then injected into & rabbit, The antigidbulin
duck antibodies are then precipitated by the serum of this rabbit
and are "lchelled® with fluorescein isocyanate, in accordance with
Coons's technique. These *labelled" antiduck rabbit globulins can
( be used to dmonstrate the presence of duck globulins in any animal
! tissue that has been injected with specifioc antiorgan antibodies
produced in the ducke In other werds, if a nephritic rat is put to
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death after having been injected with rat antikidvsy duck serwm, a
fragaent of its kidney can be frosen and seotioned in & cryestat into
4 micron segments. Ons section is put on a slide, stained with fluore-
scent duck antiglobulin antibodies., When the sectior is examined with
the ultraviolet microscope, it can be observed that the basal glemerulsr
Rembranes are fluorescent, because they emit a yellow.green light. They
contain, in fact, nephrotoxic duck serus, and consequently they have
fixed the antiduck ylobulins "labelled” with fluorescein. Nephrotoxie
dack serum can thus be revealed in any part of the body., On the other
Randy if the injected antiorgan serum has been prepared in a rabbit,
the serm that produces fluorescence contains rabbit antiglobulin dmeck
antibedies. .

By using this fluorescent antibody technigue, three faots con-
cerning experimental nephritis were established.

The first fact is that far the sppesrasce of lmerulpe-

ey rat serum obtained from rabbits and ducks causes
proteirmria in rats and a histologic pictare of glomerulonephritis
vhen it is inoculated in them intravenously. It can be demonstrated
that the nephrotoxic serum is localiged in the glomerull -~ and
especially in the basal membranes -- gtaining a kidney section with
specific fluorescent antibodies for rabbit and dueck globulins., This
is illustrated in Figure 1, showing a kidney section rom a rat put
to death 2% hours after receiving an injection of rat antikidney
duck sermm. The section was stained with duck antigiobulin anti-
bodies "iabelled® with flnorescein. The basal glomerular membranes
show up flourescant, because the nephrotoxic sermm localised in
these areas has fixed the specific antibedy "labelled” with fluorescein.

Other nephritogenic antiserums -- and espeeially rat antilung and
antiplacenta sermms -~ are also localized in the basal glemerular
nembranes,

Some of the nephrotoxic se.ums that were injected can be de-
mnonstrated in two other organs: the spleen and the adrenals. In
the splesn the serum is localized in the red pulp cells, In the
adrenals it is found in the endothelial cells of the cortical ca-
pillaries. In sach of these areas the concentration of hetero-
gonous globulins is approximately squal to 10f of the glomeruli
concentration.

Neither rat antilung serum nor rat antikidney serwm has been
found in significant amounts in the skeletal muscles, in the myo-
cardims:, in the liver, in the pancreas or in the lungs.

Antiorgan serums that do not provoke nephritis either are
not localised in the glomeruli in a sufficient amount or are present
for short periods of time, ,

Rabbits inooulated with rabbit antikidney serum and dogs
inoculated either with dog antikidney serum or dog antiplacenta
serua also demonstrate localisation of the nephrotoxic serum in
the basal glmerular membranes. Figure 2 illustrates the loeali-
sation of duck nephrotoxic serum in the kidney of a rabbit ino-
oculated six days earlier with rabbit antikidoey duck serwm. In
this ocase also the fluoresoent antibody used to stain the section
is specific for duck globulins.

Thus it is ovident that the nephrotaxic serum is localised
almost exclusively in the basal membranes of the glamerular capile
laries, This is true shether antikidney serum, antilung serum or
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antiplacenta serum is injected, whether the antiserum is produced by
rabbits or by ducks, and, finally, uhether a rat, a dog or a rabb:lt is
used as experimental animal,

The second fact established by means of the fluorescent anti-
body technique is that the nephro c 8 fixed e basal
:-L"v' I_;‘v..li"l ‘.“. v” A:.' ) o}

Kidneys
extended to nine and one-half nontha after the disease began still
contained part of the nephrotoxic serwun that had been injected. Figure
3 shows a section of a kidney of a rat afflicted with chronic nephri-

. tis, 192 days after the injection of rat antikidney rabbit serum. The
preparation 1s stained with rabbit antiglobulin duck antibodies that
have been "labellad® with fluorescwin. The weak fluorescence of the
glameruli indicates the persistence of the nephrotoxic serum in these
areas.

Nephritic rabbits were examined for abcat four months and
nephritic dogs for sbout six months after the injection of nephritis-
producing serums. In each case these serums were still demonstrhble
in the glmmeruli,

It has not yet been determined precisaly how long the nephro-
toxic serum remains in the glameruli. It was still detectabls in
rats after nine and one-half months, in dogs after six months, and
in rabbits after four months.

The third observation udo posaible by tho tluoreacent anti-

body teehniqne 13 h

g go W

was ascertained by staining tissue sections from nephritic
animals with rat antiglobulin antibodies "labelled® with fluorescein
and, respectively, with dog or rabbit antiglobulin antibodies, also
Mlabelled® with fluorescin, In this way, there was found a moderate
increase in the globulins in rat and dog kidney and a much more
pronounced increase in the rabbit kidney.

Figure 4 is a control section of kidney from a normal rat,
stained with rat antigladbulin rabbit globulins "labelled" with
fluorescein, A weak fluorescences is observed in the endothelial
cells of the peritubular capillaries and in the glameruli., This
shows a characteristic picture of normal tissue stained with "native®
antiglobulin antibodies and it could also ocour in dogs and rabblts.

Two or three days after the injection of the nephrotoxic serum,
the amount of globulins capable of being stained with antiglobulin
serun.increased. Figures 5 and 6 illustrats the presence of "native®
globulins in the glameruli of nephritic rats and rabbits. Figure 5
is a kidney section from a rat injected six days previously with rat
antikidney rabbit serm and stained with rat antiglobulin rabbit anti-
bodies 'labelled with fluorescein. The presence of an increased amount
of rat globulins in the glameruli is demonstrated Yy the increase
in the flucresosnce that is found localiszed especially in the cells
; (See Mg, 4)s Figure 6 shows a section of rabbit kidney 30 days
after the injection of nephrotoxic serum. Great amounts of *"native®
globulins are found there, apparently localised predaminantly in the
basal membranes,

The signi”icance of these experiments is constituted by the
fact that both the antigen (nephrotaxic serum) and the possible anti-
body (globulin of antochthonous origin) coexist in the remal tissue
for several months, This corroborates the theory that in experi-

~Se




e
B L .

*s

-of the nephrotoxic serum in these structures of the ret kidney,

" The specific nephrotoxic serum is apparently localised in the

meen |

Section of rat SDC 100 kidney one day after the injection
of rat antikidney duck serum. Stained With cuck antiglo-

" talin rebbit serum globulins, labelled with fluorescein iso-

cysnate. MNote that the fluorescence is apparently limited to
the basal glomerular membranes, which proves the localisation

Section of redbit 261 kidney, six days after injection of
rebbit antikidney duck serum. Stained with globulins obtained
from duck antiglobdtlin rebbit serum, labelled with fluorescein.

basal glomerular membranes of the rabbit,
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Section of rat SDB 806 kidney 192 days after imjection of
rat antikidney rabbit serum. Stained with labelled glotue
1lins obtained from rebbit antiglotmlin duck serum. MNote
that in this ret, afflicted with chromic nephritis, nephro-
toxic serum is found in the glomeruli., Note also the
autofluorescence in the artery (top left) amd in the tutules
(bottom left).

Seotion of nermal rat kidney stained with fluoresownt rat
axtiglotmlin radbit serum. The weak fluorescence observed
in the peritutular sndothelial cells and in the glomeruli
indicates the presemce of "native' glotulins in these cells.
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Chronic glomerwlonephritis;
acute fecal glomerulitis,
Ritter-Oleson. 300 X

Fluorescence emanated from
the glomerulus after comtast
vith antistreptoococecic serum
labaled with fluorescein
isosysnate., 300 I

Rusan antigamma glotulin
serun laballed vith flsoree-
oein isocyanate induoces elest.
tive fluorescence in the gle-
merulus, 450 X

Pigs 7« Ao Moy 35 years old. Recurring acutemess in chronie
Qlamerulonephritis. Antioxygen streptolywin, 833 units
por o,




be

After contact with antistrep-

toooocis serum labelled with

fluorescein isocyamate, the

capillary ansas of tho gle-

;oz;ﬂu are clearly evtlined,
X

GRAPHIC NOT REPRODUCIBLE

With labelled antigamms
glotulin serua, the fluor-
escence appears loocalised
in the glomerular capillary
ansae, W3 X

Pig. 8, B, C., 3 years old. Chronic glomerulonephritis. Nephrotic
syndcomes Antioxygen streptolysin, 250 units per se.
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lontll nephritis the inflammatory renal disease, persisting for a long
time aftar the nephrotoxic serum.has reiched the glamerulus, ¢ .a be
supported by an antigen-antibody reacticn. -

_ This antigen-antibody reaction can be caussd bty residues of-
-the nephrotoxic serum reacting with the glamerular proteins ar by
regidues of the nephrotexic serm reacting with the antibody pro-
$ced by the host in the pressnce of the heurogenom antigen, or

At any rate, theae experiments have confirmed that chranic
renal lesions can be the result of an allergic type of inflaxmstiong

Therefors, how can the fluorescent antibody technique be-
used .today to demonstrate a possible heterogensous antigen and a
"native® globulin - containing antibodibs of that antigen —

-the renzl tissue of nephritic individuals?
_ When Dre -Andras was in New York at the Presbyterian colubia
Medical Center we discussed this problem.

. fhe only sure information concerning the etiological agont
of this gioup of renal diseases is constituted by the fact that an
Antection by hemolytic- streptococcus precedes the majorily of the
cases of’ acute nephritis. - Therefore, it seems logical to explore
the :possibility that sawe antigens — produced by the streptccoccus. —
w be found in the kidney in case of diseass.
oy m second point deserving study is whether human gama glo-

: .mﬂa veetors of antibodies —- are present in the kidney in greater

_mounts than the ones found in any tissue subjected to phlogistic .

r Su'iana technical difficulties have slowed our progréss coli-
,#iderdblys Both the first antistreptocoecic serum, prepared for these
‘agpetitments, and the first antigamma globulin sermwn did not yield
satixfactory results, But Professor Fiaschi and Dr. Andres, who sent

me by almmail fragments of frozen renal tissue, have been vefry patient,
‘n.nd at ldast same encowraging results have came froam the preliminary
M of the last 18 cases that were sent to us,

* " . In'this group = that includes a fragment of normal renal )
tisgie and a'fragment of pyelonephritic kidney togéther with other -,
‘bioptic fragments of acute, subacute and chronic nephritis, with a» - .- |
wi&out nephirotle syndrome — we were able to demonstrate that the .
‘renal’tissue of four patients responded positively to the:antistrepto-
bood.c‘sm. -One of these belonged to an observation of acaute
two of subacute nephritis and one to a recurring -aoute~
’ agrmno nephritis apparently induced by atrcptococcic m- _
!'o on of the ug;ﬁr airways. .
‘Mgure ustrates this -last case, The tissue is stained
vd.th flucrescent antiistmptococeic serum, In this ome, as in the - -
“other three rendl biopsies in which antistreptoccccic semts was found,
‘the antigen-appeared to be contained more in the gimomlar cells
-than in the Basal: membranes,
. ‘Not 411 the sectiens have been studied up until now with anti-
. -globulin Serti-of tested efficacy. Nevertheless, an increase in the
. /gamma_ glbvui;m £ the glameruli of five of the ten kidney fragments
.axamined m ddanstra‘qu. This can be observed in Figure 8.
‘Ihe rori&'l. ‘tissue of these same patients has obviously been

r
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studisd by Professor Fiasohi and by his cOLlaboraters, using Uitra=
thin histelogic preparations and -~ in some cases —- the eleciron mi-
Croscopo.

Although our attempts to add new information te the present
knouledge on the localisation of antigens and antibodies in the renal
glomeruli by using the fluoresoence technique are still in their ini.
tial phases and no conclusion msy, therefore, be drawn, I strongly
hope, nevertheless, that useful progress may be derived from the joint
axperiments, For this reason I am very happy to be associated with
the group of students, under the guidance of Professer Cassano, en-
gzged in this intensely interesting work program.




